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FSTUARINE CURRENT WETER CONTRACT

FROGHESS RERRT
F(R PERIOD ENDING 15 JUNE 1953

The vlanniang ¢f the "Csntilevar-Typs® current meter has pro-
cendod in e direction indicated in the lset progress reporti; that is,
the "I"-Type Position Conveciron has beex replaced by resietance wire
strain gauges as a cantilever load detector.

In sensing the velocity with a circular disc aitached to the
end 2f e cantilover, a digc 8.5 inches in diameter and a 2-foot canti-
laver with 3/8% x 1/16® cross-section are used. W%ith this arrangement,
the strain produced at the fixed end of the cantilever by a current of
0.1 ft./sec. is about 30 x 1070 10ched 4 (o be measured with
reasonable accuracy nith strain gauges. 7To limit the deflection of the
cantilever under hign velocities, a "~:biec® spring (one with resistance
proportional tc tne third pomer of the deformation) at the back of the
disc was cugperted. iHowever, euch a spring ie difficult to mske, and
i3 easily pmut out of working order by clogging betwean tae coils of
floating debria. Instead, tnree cantilevers with various atiffness are
uged, as shown in the Pigure S&. With this arrangement, the maximuz
defioction of thie cantilever is 6 inches under a velocity of 5 f£t./sec.
3arring disturbances due to turbulence in the {flow and movement of the
support, the grror of observation on velocity dve to an error in strain
rmeasurement cf 10’6 drichen is considerably less than 0.006 ft./sec. for

veiocilios up to 1 ft./sec., and is less than 0.012 ft./sec. for veloci-
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ties from 1 f£t./sec. to Y ft./zec.

Becsuse of the high degros of sensitivity required in this
application, a servo-balance system 13 being used rather than an
amplifier-metar arrangement. The componsnts for this aystem have been
procurad, and can be sysn ip Figure la. The arrangement shown in the
photograph joes not represent the final form of the instrument, tut has
teen mede to permit convenien?t checiing of aystem characteristics such
as balance sensitivity, response time, noise, and drift,

The bar at the bottom of the photograph is the brass canti-
lever baam teing used for thesze bench tests. I% is not the same as the
final cantilever in either section or length, but serves the purpose of
producing strain in the four gevges attached nsar cae end of the bar.
Thess gaugss uare connected in series to produce one-half of a Wheatstone
tridge circeit. The remaioder of the bridge circuit, including a ten-
turn Helipot, 13 contained in the aluminum box on the right side of the
assembly at the top of the photograph. The Heliput shaft extends through
the mounting plate, and i1s geared to the servo motor and to the revolu-
tion counter. The counter indicates the balance position of the servec
system, ard tnerefore the deflection of the cantilever bsam. A camera
will be used in the final thmmt to photograph this counter.

Figure 2a shows the componants of the compasa system to be
used %0 indicate the direction of the current in the final instrument.
The unit on the right 1is the magnetic compass, and will be housed in the

ourrent sensing head. Tie other two components, the compass remote indi-~
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cator and the inverter, will be placed in the anchor in tihe final
instrunent. The inverter is driven by 24 volts D.C., and delivers
400 c.p.s. excitation to the synchrov transmitter in the compass and
the receiver in the indicator. The indicator will be placed in the
field of vievy of the same camera that photographs the revolution
counter.
Figure 3a 15 a photograph of the equipment associated with
the present work boing done on ths ultrasonic current mster. The water
tank 1s at ths right in the photograph. Figure La is 8 closeup of the
expsrimental transducers as they ars suppeorted in the water. FPigure Sa
shows the principal alectronic chassis of the ultrasonic current metar.
This chassis contains the transmitter crystal driving osoilla-
tor, the receiving carystal channel, the onmparison channel, and the
phase meter. SReference was made in previous progress rsports to a final

raport by R. K. Bromn of the Univaersity of Michigan on the "Design and

Development of an Undarwater Sound Velocity Metsr®., The circuite used in

the present chassis are, with some significant changes, similar to the
circuits discussed in that report. Oms of the principal differences is
that we are using 1 megacycle for the ultrasonic frequency. It was felt
what at this high a frequency the most important consideration would be
the packaging problem, so that there was iittle information to be gatined
by building a breadboard. This firat model is a miniaturized version
with a shape most likely to fit the instrumen: head that 1s now being

considered.

The transducers are the same ones described in the last progress
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report. No changes have teen found necessary after many hows of

operation and many meuks of submergence. Homever, some rafinemente

in the final transducers will permit more simple installation of the

crystale and cables.

The ultrasonic current meter hus been successfully operated

indicating & rhass difference introduced by chenging the spacing between

the transducers. Severai problems to receive attention as soon as time

pernits ares

A

S

A circult to inject accurate increments of phase
shift in the tiransducer circuitls.

A switch to interchange the transducer funotions.
£ pomer supply package to be contalned in the
anchor.

A current velocity and direction recorder to be
contained in the anchor.

An operation ®programser®.

Two brief discussions will be made; one to describe the “pro-

grammer® operation, and the other to describe the meter operation.

In previous reports it was pointed out that the ultrasonic

signal must be transmitted upsirzam and downstream. The primary reason

for this is that static hsad pressure, temperature, and salinity of the

matar all have the same affect as water velocity on the phase difference

between the transmitted and received ultrasonic signal. The first three

effects will be the esame whether the signal is transmitted upstreaa or
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downstreaz, while the water velocity incuced phase difference will be
the same in magnituda, but opposite in direction whan the direction
of transmission is roversed.

The “programuer® will be controlled by a clock, starting the
equipmcnt every half hour. After a suitable warm-up period, the ultra-
sonic signal will be transmitted upstream and down, perhaps two or
threc times in each direction, and the phase di fference will be recorded
contimuously. The compass indication will te recorded simultaneously,
afterwhich the "programmer® will de-energlise the equipment.

hen the "progremmer® starts the meter, the crystal-controlled
oscillator drives the tranamitting transducer and the reference channel
mixer at a frequency of 1 megacycle. The receiving transducer signal is
fed to & one-stage amp:ifier and thence to the signal chammel mixer.
Both of these mixers are controlled by a 1.008 mc. crystal, and so tne
output of both channels is an 8 kc. signal. These two 8§ kc. signals
nave maintained the phase difference present i.. the 1 mc. signals, and
are then amplified and clipped to the point where thay appear as steep
front osquare waves. At tile point, the s2ignals are fed to a bi-stable
circuit wherein provisions are made to i:xdicate the proporticn of the
time that the cirsuit is in either of the stable states. This informa-
tion is available in the form of a D.C. current, the magnituds of which
is proportional to the phase difference between the transmitted and re-
ceived ultrasonic signalis. There will be two of these current magni-
tudes; o01e for upstream a:c one for downstream transmission. The dif-

ference Letween these two currente will then be proportional to the
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water velocity.

Support Housing:

As statod in previocus reports, the instrument should not de
suspended from the boat or a float so as to avold induced currents due
to movement of the boat or the float. The instrument 1s tc be attached
to & support with an overall density which is less than water. This
support is comected by a wire to a removable anchor resting at the
bottom of the estuary.

For this support, a paravane was originally suggested. This
arrangement will maintain & practically fixed position of the instru-
ment, as reported previously. However, it has been found that in order
to provide space for instruments within the paravane, and at ths same
time to maintain its stability against possible current disturdbances, a

paravane welghing about 300 pounds would be required.

In view of the undesirable weight of the naravane, other shapes

for the support have been investigated. It has been found that a hollow
body of revolution with horisontal and vertical stabilising fins will
answer the purpose (See sketch, Figure Ga). Although this support will
drift zore than a peravane would (maximum angle between comnecting wice
and the verticel being less than 10 degrees), its weignt is less than

100 pounds, which can be handled by one person without great difficulty.
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Page 1.

APPENDIX I

CONVECTRON PERFORMANCE

Two Y-Typs Position Convectrons were procured from the
marmifacturer for the purpose of determining their sultability for
use in the dreg-dlisc rurrent meter. A fixture was designed and
tuilt 2o that both static and dynamic tests might be made. A photo~
graph of th

. A atael zhaft is mounted in ball bearings and supported by

[+1}

rigld "A® fraze. A plaétic Convectron housing box is mounted an one
2nd of this .zh:\ft and o large spur gear nesr the other end. The plastic
box was required to shield the Convectren from random air currenta. The
gear was used to drive a emaller gear attached to a three-turn Helipot
shaft. A plans mirror was mounted on the gear-end c¢f the shaft.

A line source of light was focused on this mirror from a dis-
tance of .17 feet and reflected to a vertical scale on a wall near the
light source. This arrangemant provided an optical lever 3L fest long.

% tpanplation of the line imege on the scale of 1/16 inch could be readily
detectzd, and this corresponds to an angle of 0.5 mimite of arc. This

syatem was uood to mesasure the inclination of the Convectron for

(&]
he]
o
’l
E:J
W

ths sitatic data in this rsport.

The Helipot was installed to bave a msans of measuring ths in~
clination of the Convectron for dynamic tests, since the optical system
could not be so used. The Helipot provided an inclination resolution of

0.1 degrse of arc which was sufficient for this typs of test. No dynamic
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teat date are included in thils report for reacons to ba discussed
prosently.

The Convectren ia a simple hot wire device and consists of
two balanced soctions of filament éncloued in a glass envelope filled
with an inert gas. The {wo sections of filament form a "V* with a
90 degrse vertnx angla.  The plane of the Convectran iz mounted normal
to the axis of the rotation (or 4nclination) to be measured, and is
salanced aigh the "V vertical, or with each section of the filament
inclined at approximately LS degrees to ihe vertical.

ueviation froz this talanced poeition will cause unequal con-
Yection'cooling rates in the two filament sections, and a r?sulting un-
balance in thé_filament resistance appears as a Fheatstons bridge output.

A test waS'made on the Convecérona to determine the dependsnce
of the ontput on the magnitudg_of the excitation voltage. Tho.first
tests were nade using 1,000 c.p.s. and.éo c.p.8., but Ehé nﬁll voltage
~as excessive in Loth caces. For this reascn D.C. axcitation was used
throughout the following tests.

The famlilies of curves in Figures 2 and 3 ara the result of
this tsat on Convectrone rmmbers 1 and 2, respectively. A fixed re-
eistor was uvged in series with the Convectron bridge output so that a
milliammeter with & I inch scale could be used as an indicator; For
this reason, the ordinate of these curves is bridge outpgt-currant. The
data were obtained by setting and maintaining the excitation at a given
level while varylng the inclination of the Convectron. This was done

in 1/2-volt steps at voltages betwsen 7 and 12 volis. Hach curve repre-
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sents the Conveotron bridge-cutput at & given inclination as a function
of zrplied voltage.

The most significant conclusion to be drawn from these cufvea
is that there is- no excitaﬁion voltage for which the rate of change of
bridge output with applied voltage is the same at all 1nclinati§ﬁa.
This would be an undesirsble feature because of the 2ifficulty of main-
taining_é fixed exclitation voitags.

Another conciusion that is apparent from these curves las that
Convectron sensitivity is-very much depardent on applied voltage and has
& pronounced peak at aporoximately 10 volts. These curves also indicate
that the nuilrinclinatién is a function of the applied voltage magnitude.
For this reascn another test was run whereln tne_inclinﬁtiqn at mll
nas measured for different applied voltages. The results can be seen
in the curve'df Figure L. The null inclinétion angles shown are oﬁly
relative to each other since ths mull position can be found only by ndting
the physical position whi ch provides a zero output voltage from tho'bridgd.
In other words, the vertical axis of the *Y"-shaped envelope (See Figure 1)
does not corraapond-to the vertical symetry axis of the filament. Ther e-

fore, locating the symmatry axis of the glass cnvelope would be of no

valne. This curve sugoeats a csrtain degres of mull st

9.6 wolts excitation. This faature of the Convectron would require 1%
control of the bridge voltage.
This voltage (9.6 volts) was usoed for the next test, whersin

ihe reproduclibllity of the Convootron output was chscked. The Convectiron

was inclined through the {total rangé of the optical aystem, and output
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readings wmare taken at random over a peried of a day. These readings
vere 21l plotted in Figure 5, and curves~ﬁare dfann tarough the ex—~
treme pcints on both the high and the lox output sides. The average
‘width of the band along the horizontal axis is approximately LO mingtéa
of inclination. This is quite.large when ons considers the fact that
the largeast errcr in water velocity desired corresponds tc 3 mimutes

3y inélination over the range of 20 degrees of Convectron inclination,

The ateblility of tbercoHVectron bridge ocutput seemed very
go2d after a long (30 minutes) warm-up perilod. In an effort to deter-
mina the cause of thié-lag, thg bridge was set up useing precisioh ol 2
sistors and a high zensitivity (0.11 microampere per ¢.m.) galvanbnefar
és a$ indicator; filth this arrangement, the smallsst galvanometer
scale divtéicn (X mn.) corresponded to approximstely 0.5 second of arc
at the mll position. Under these conditions, ths galvanoﬁeter was read
imnedistely after applying the excitation, and thersafter every mifuta
for 20 minutes. This dats is the lower curve of Figure 6.

.The upper curve of Figure 6 was obtained by duélicating this
teat after applying a coat of alvminum ovaint to the envelope. This was
done irn order to show theioffect of the envelopa hieat dissipation proper-
ties. There is not gnough difference between these two curves to draw
any conclusions.

Conclusions;
The Conveciron, as the manufacturer suggests, is a highly

sensitive devico. It can be used to detect extremely small rotations,
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but as found by the gbove tasts, it is limited to long period phonou-mm.
unless accuracy ig = secondary consideration. It would perhaps be de-
airable to apply it to the msasurement of a small range of anglesa where
several minutes were available for each reading, and where precise con-
trol cculd bs maintained over tha éxcitstion voltape and the amdbient

teamperature.
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